Purpose: The Thrombolysis in Myocardial Infarction (TIMI) risk score, Global Register of Acute Coronary Events (GRACE) risk score, and the Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) risk score are validated predictors of secondary events and death after an acute coronary syndrome (ACS). In our study, we sought to examine the predictability of the TIMI, GRACE, and the CADILLAC risk scores in women undergoing percutaneous coronary intervention for ST-elevation myocardial infarction (STEMI) for in-hospital, 1-year major cardiac events, nonmajor cardiac events, and mortality. A limited number of studies examining the secondary risk scores for use after STEMI in women have been conducted. Most studies have been conducted in both men and women without separating out the predictability in women in regard to the various risk scores. Patients and methods: In a subanalysis of women from a larger study of both men and women with STEMI, a 1-year follow up of 77 women with STEMI was undertaken using a retrospective approach and comparing the TIMI, GRACE, and CADILLAC risk scores for in-hospital and 1-year outcomes of major cardiac events, nonmajor cardiac events, and death. The predictive value of the models was assessed with evaluation of the area under the curve in receiver operating-characteristic analysis. Results: The study revealed that risk stratification of female patients with STEMI early after presentation using the TIMI risk score or after angiography using the CADILLAC risk score may provide important prognostic information and enable accurate identification of high-risk patients. Conclusion: Though limited by sample size and retrospective analysis, our study provided evidence into the validity of using existing secondary risk tools in women. Further studies are needed to determine the risk score that is most predictive for women presenting with STEMI and treated with percutaneous coronary intervention. It may be useful to incorporate the risk scores into clinical practice to guide short-and long-term follow-up after STEMI in women as a preventive strategy.
Introduction
A quick and accurate method of diagnosis of acute coronary syndrome -ST-elevation myocardial infarction (ACS-STEMI) is essential to determine the type of invasive strategy required. Percutaneous coronary intervention (PCI) is the evidence-based treatment for acute STEMI. 1 There were 622,000 PCI procedures performed in the US in 2007 (of which 360,000 were on women), while in 2006 the average cost per patient was $48,399. 2, 3 Nearly 43% of patients with ACS are women. 3 The widespread 
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scruth et al adoption of PCI for STEMI has led to decreases in mortality and morbidity. 4, 5 Even with the standard treatment for STEMI being PCI, variability in survival will exist due to variables such as patient comorbidities and delay in seeking treatment. Risk assessment at the time of the STEMI for in-hospital events and death and during follow-up after discharge will assist the clinician to engage in preventive strategies to lessen risks that may occur at later time intervals. Risks associated with PCI are highest within the first 24-48 hours after the procedure and include periprocedural myocardial infarction, acute stent thrombosis, bleeding, or renal failure. 6, 7 The American Heart Association (AHA) and the American College of Cardiology (ACC) recommend risk stratification in all patients presenting with STEMI.
Several risk tools for assessing death and cardiovascular events after ACS have been developed. The risk tools were developed using both demographic and electrocardiographic components. [7] [8] [9] [10] [11] [12] The Thrombolysis in Myocardial Infarction (TIMI) risk score for STEMI was initially derived from a set of patients treated with fibrinolysis agents and validated in an external data set from the TIMI 9 trial. 13 The TIMI risk score for STEMI patients was further validated in an unselected population of patients with STEMI treated with fibrinolysis therapy, and showed a strong predictive value (C = 0.79).
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In 2005, the Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) risk score was developed. 12 As with the TIMI risk tool, the CADILLAC risk score was based on randomized trials of patients. The CADILLAC risk score was validated using external data sets from other PCI trials. Predictions for 30-day and 1-year mortality rates after primary PCI for ACS using the CADILLAC risk score revealed C-statistics of 0.83 and 0.81 for 30-day mortality and 0.79 and 0.78 for 1-year mortality. 12 The Global Register of Acute Coronary Events (GRACE) score was developed differently from the CADIL-LAC and TIMI risk scores. It was based on a large registry of patients who experienced all types of ACS, and thus was not limited to STEMI. The GRACE risk score incorporated similar components to the TIMI risk score: clinical and electrocardiographic characteristics used to determine risk. The GRACE risk score was shown to be of predictive value for all forms of ACS. 13, 14 Table 1 outlines the development of the CADILLAC, GRACE, and TIMI risk tools and their components.
Comparisons of the risk scores in ACS patients have been reported in the literature. 15, 16 The aim of this study was to do a subanalysis of the performance of the TIMI, GRACE, and CADILLAC risk scores in a cohort of women who had been part of a larger study involving men, and determine if the risk tools remained valid and sensitive. 17 The risk of cardiovascular disease in women as they age is well documented in the literature, and it is only within the last 5 years that the health-care profession has recognized the risk. 18 Women are still underrepresented in clinical trials, with only a 5% increase from 1990 to 2000. 19 Women with STEMI present with worse clinical profiles than their male counterparts, leading to increased rates of mortality and cardiac events in hospital and in the long term after PCI. The clinical factors thought to contribute to a worse clinical profile in females with ACS (including STEMI) include delayed onset of disease (8-10 years later than men), older age at presentation, smaller body surface area, and more comorbidities, including diabetes mellitus (DM). 19 In a review of over 70,000 medical records of patients presenting with their first acute myocardial infarction, women with DM aged below 65 years had poorer outcomes than their male counterparts. 20 In a study comparing adverse outcomes after contemporary PCI in women versus men with ACS, DM, cholesterol, and type of lesion were predictors of major adverse cardiac events in women, whereas peripheral arterial disease, age, current smoking, left anterior descending coronary artery lesion, and baseline hematocrit were the strongest predictors of major adverse cardiac events in men. 19 The AHA reports 65% of women who die suddenly from cardiovascular disease display no symptoms, making risk assessment both from a primary aspect and a secondary aspect important in women. 3 None of the risk-assessment tools used to assess risk after PCI are sex-based, and they do not currently address the variability in long-term risk. Only data from complete health-care records were included in the analysis. The STEMI diagnosis required to confirm patients' symptoms consistent with an ACS have been published previously. 17 These were consistent with the standard definition of ACS-STEMI at the time of the study. 1 Eligible patients were female adults 18 years of age or older meeting the above criteria for STEMI. Exclusion criteria consisted of women presenting in cardiogenic shock (to closely replicate the original patient population selections in the development and validation of the riskassessment tools).
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Methods
Research design/sample and data collection
The data for calculating the risk scores were collected directly from the medical record. In-hospital data included prehospital drug history, admission electrocardiography reports, blood results, diagnostic tests and medical events, medical interventions, and discharge summary that included any events not captured previously. The post-PCI discharge data included total mortality, cardiac mortality, noncardiac mortality, confirmed myocardial infarction, interventional cardiology treatment (.30 days after discharge), cardiothoracic surgery treatment (.30 days after discharge), incidence of stroke, and cardiac/noncardiac hospitalization. Total mortality was used as the main end point for our study, with causes of death obtained from the medical record.
All women in our study were treated for ACS-STEMI according to the hospital management guidelines for chest pain and STEMI, based on the ACC/AHA Guidelines for the Management of Patients with STEMI at the time of their presentation, which included the interventional pathway for acute STEMI as a default treatment.
1 Pharmacological treatment was optimized according to the current guidelines for STEMI. Coronary angiography and angioplasty (PCI) was performed on all the women.
The women were treated with aspirin 325 mg before PCI and clopidogrel 600 mg administered either before the PCI or immediately after. Unfractionated heparin (70 U/kg loading) was administered before the PCI. Selection of stent type was determined by the interventional cardiologist treating the patient. Patients were prescribed lifelong aspirin and clopidogrel (75 mg/day) for 3-12 months upon discharge. The three risk scores were calculated from the initial history, electrocardiograph, laboratory values and coronary angiogram ( Table 1 ). The study was retrospective, with all data collected entered in a computer database. In-hospital events and events at 12 months were recorded from the electronic hospital records. Repeated revascularization procedures and episodes of reinfarction were collected from the electronic medical record, as well as all data from contracted hospitals from scanned-in documents.
Results
Data analysis was conducted utilizing the receiver operatingcharacteristic curve and C-static methodology. Statistical analysis was performed using SAS software 9.1 for logistic regression and 9.2 for the receiver operating-characteristic curve analysis (SAS Institute, Cary, NC, USA). A total of 77 (from 109) (those with incomplete medical records [25%] were excluded acknowledging a possible bias in the analysis) with STEMI were included in the final study. Baseline characteristics and medications used by the women at time of admission for the STEMI are listed in Table 2 . In-hospital major cardiac events (MCEs) included retroperitoneal bleeding, cardiogenic shock, fatal myocardial infarction, and revascularization. During the hospitalization period of the women, there was one death and two non-MCEs (NMCEs). Follow-up at 1 year revealed there were no MCEs and two NMCEs (Table 3) .
Area under the curve (C-statistic) of the three risk scores and comparisons for all events and deaths were conducted, and the risk scores with the highest performance are listed in Table  4 . The TIMI and CADILLAC risk scores performed well for inhospital mortality (0.860 and 0.853) compared to the GRACE C-statistic of 0.645. For in-hospital MCEs, the CADILLAC risk score performed better than the TIMI and GRACE, with a C-statistic of 0.718 compared to 0.632 and 0.680. All three risk scores were comparable for in-hospital NMCEs, with C-statistics of 0.642 for the CADILLAC risk score, 0.624 for the GRACE risk score, and 0.668 for the TIMI risk score, indicating that none was superior in predictability of events.
For 1-year mortality, the CADILLAC risk score and the TIMI risk score performed better, with C-statistics of 0.806 and 0.7663 compared to the GRACE risk score, with a C-statistic of 0.645. When comparing the three risk scores for performance for prediction of NMCEs at 1 year, the CADILLAC and TIMI risk scores, with C-statistics of 0.619 and 0.604, respectively, performed slightly better than the GRACE risk score, with a C-statistic of 0.547. A comparison of the scores for any in-hospital event and any event in 1 year were also analyzed using the same methodology and a binary logic model with Fisher's scoring-optimization technique. The results revealed the CADILLAC risk score may be more predictive. Figures 1 and 2 illustrate the results.
Discussion
The present study, based on a small sample (from a larger study including 109 men published in 2012) from a multihospital system of female patients with a diagnosis of STEMI and treated using PCI, compared the predictive accuracy of three risk scores for clinical outcomes in hospital, at 1 year, and death. We found that the TIMI and CADILLAC risk scores performed better for in-hospital and 1-year mortality. For in-hospital MCEs, the CADILLAC performed better than the GRACE and TIMI risk tools. All three risk tools had relatively similar predictive values in the 0.6-0.668 range for NMCEs in hospital and at 1 year, with the CADILLAC and TIMI performing slightly better than the GRACE risk score for NMCEs at 1 year. When comparing any events in hospital and at 1 year, the CADILLAC risk score performed slightly better than the TIMI and GRACE risk scores.
Comparison of our study to that reported in the literature reveals similar results, although not separated out for women. Méndez-Eirín et al reported in a comparison of four common risk-prediction scores that TIMI, CADILLAC, and GRACE all had high predictive accuracy for determination of risk after PCI for ACS. They did not separate out the women from the men. 21 A study examining STEMI patients compared the same four risk-prediction tools as Méndez-Eirín et al revealed CADILLAC was superior to TIMI and GRACE in men and women undergoing PCI for STEMI. We used three contemporary risk scores in our study. Comparison of the composition of the risk tools used in the present study revealed that all included components of age and Killip's classification were shown to be important predictors of survival after STEMI in the literature. 12, 13 The CADILLAC risk tool was inherently different from the TIMI and GRACE risk tools, as it included the angiographic parameters of triple-vessel disease and final blood flow in the infarcted artery, as well as left ventricular ejection fraction. Therefore, the CADILLAC risk score can only be calculated after interpretation of angiographic results and PCI, which may limit its use to patients treated using an invasive approach. Baseline left ventricular ejection fraction has been reported in the literature to be a strong determinant of survival after STEMI. 12, 22 Another unique component of the CADILLAC risk tool was the inclusion of the component anemia, which has emerged as a predictor of mortality after STEMI. 23 The CADILLAC risk tool, however, is not helpful for risk-stratifying STEMI patients prior to angiography, and the TIMI and GRACE risk tools are more helpful in the early stage, as they do not rely on angiographic parameters. The use of the CADILLAC risk tool therefore may not be useful in determining if the patient requires transfer to another facility for a higher level of care, as it requires data from angiography to complete the risk scoring.
The weak predictive value of the GRACE risk score in our subanalysis of outcomes of women with STEMI treated with PCI may be related to the components of the risk score. ST-segment deviation and increased cardiac enzymes are components included in the GRACE risk score, and all the women presented with these parameters. The parameters are not unique to STEMI, as they are present in the spectrum of ACS. Components that the GRACE risk score does not include are the location of the myocardial infarction, and left ventricular ejection fraction, as it was originally developed in patients who presented with all types of ACS, not just acute myocardial infarctions. The development of the risk tool was therefore not limited to STEMI patients, which could account for the lack of specificity and predictability in the STEMI population.
The authors acknowledge the limitations of the study. The sample size is small, underpowered, and is representative of one health-care system whose members primarily have employer-funded health coverage.
Using risk-assessment tools that have been validated across different sexes, ethnic groups, and age-groups is critical to ensuring the treatment plan and follow-up plan is specific to the patient. Meaningful use of diagnostic imaging and laboratory tests that are specific to the degree of risk assessed using the risk-assessment tools can then be planned utilizing the risk score derived from the patient's data at time intervals during their follow-up. 
ROC curves for comparisons
Conclusion
Although limited by sample size and underpowered, the present subanalysis provides an important analysis of women and their risk after an acute myocardial infarction. Given the limited knowledge in the existing literature around these risk scores and women, we have provided an important contribution to global cardiovascular risk assessment in women. Our study reveals that risk stratification of female patients with STEMI early after presentation using the TIMI risk score or after angiography using the CADILLAC risk score provides important prognostic information and may enable accurate identification of high risk. Knowledge of sex-based differences in mortality and in identifying the predictors of long-term outcomes after PCI in ACS with the assistance of secondary risk-prediction tools can help prepare patients and health-care providers for the expected outcomes and events. Therapy at the time of ACS and after intervention should be optimized based on these differences. Estimating risk provides an understanding of the underlying mechanisms of the disease process, and can guide preventive measures to limit future risk of events occurring leading to increased mortality. Risk assessment of women with cardiovascular disease should be a continual process, involving both primary risk assessment from an early age with the use of validated, reliable risk tools, and further secondary risk assessment should occur at the time of a cardiac event with appropriate risk tools. Enrollment of more women in clinical trials and registries is needed to report sex-specific outcomes, as predictors of risk in women will continue to evolve as technology advances and patient risk profiles change. Further studies adequately powered to conduct multivariate risk adjustment with cohorts of ethnically diverse women are needed to determine if the risk scores are most predictive for women presenting with STEMI and treated with PCI. Analysis of the individual components of the risk tools that women most commonly experience during a STEMI is also needed in larger studies.
